Introduction
Autosomal dominant Alport syndrome (OMIM 104200) represents 5% of all cases of Alport syndrome and, with benign familial haematuria and the state of carrier of autosomal recessive Alport syndrome, it makes up the entity called "collagen type IV (α3-α4) Rosado/Bueno/Felipe/Valverde/González-Sarmiento: True Clinic of Autosomal Dominant Alport Syndorme nephropathy" [1] . These entities are caused by mutations in the COL4A3 and COL4A4 genes, which are responsible for the synthesis of the α3 and α4 chains of the collagen IV network. Such mutations alter the production and assembly of this network, which is an essential component in the structure of the glomerular basement membrane of the kidney, the inner ear and the eye [1, 2] .
Unlike the recessive and X chromosome-linked patterns, where a severe phenotype can be observed, in the few cases with a dominant pattern, the clinical evolution is less aggressive, the renal symptoms (haematuria and proteinuria) appear at later stages of life, with a slow evolution towards chronic kidney failure which, in very few cases, reaches an end-stage chronic kidney failure [3, 4] . Hearing loss in these cases is also mild and it also appears at adult age.
Lenticonus and maculopathy are the most common ocular injuries in recessive and X chromosome-linked Alport syndrome. However, in dominant cases, retinopathy and cataracts are the only anomalies that have been described [5] . In spite of these common features, there is a high intra-familial phenotypic variability, which is responsible for the fact that no correlations between genotype and phenotype can be established in this inheritance pattern [1] . The low prevalence of dominant cases can be partly due to under diagnoses because, when the phenotype is mild, they can go unnoticed. However, they deserve special attention, because, in some patients, the renal involvement may lead to end-stage chronic kidney disease [3] .
In our study we analyze the clinical and phenotypic aspects of the population who has been diagnosed with autosomal dominant Alport syndrome in our hospital in the period 2000-2013, and we compare the results with those of other published series, in order to establish whether the clinical evolution of our patients matches what has been described in the literature.
Patients and Methods
We have carried out a descriptive, observational and retrospective clinical study, in which we have reviewed the clinical record of the patients who were diagnosed with autosomal dominant Alport syndrome and required medical assistance in the department of Nephrology of our hospital in the period 2000-2013.
The diagnosis of Alport syndrome was established when the index patient met at least two of the following criteria [6] [7] [8] :
• Positive family record of macro or microscopic hematuria with or without progression to end-stage chronic kidney disease.
• Progressive sensorineural deafness for high tones.
• Characteristic ocular manifestations (lenticonus or maculopathy).
• Compatible renal biopsy findings (laminated glomerular basement membrane).
In the group of patients who met those criteria, we selected those who presented an autosomal dominant inheritance pattern, in which we made an analysis of the COL4A3 and COL4A4 by heteroduplex with acrylamide gels, to detect the presence of mutations in exon regions and flanking intronic secuences. PCR fragments showing anomalous migration patterns in that analysis were sequenced on an ABI 3100 genetic analyser in order to find out any pathogenic mutation in these genes, that could confirm the diagnosis of Alport syndrome [9] .
In each selected case, we analyzed the clinical and demographic parameters, including sex, family record (with the possible existence of consanguinity), haematuria, proteinuria, hypertension, hearing loss, compatible ocular impairment or chronic kidney disease. We also recorded the degree and age of appearance of these signs and whether they were present at the moment of the clinical diagnosis of the disease. 
Statistical method
We carried out a retrospective, descriptive and observational study in which we used the SPSS 20.0 software pack for Mac OS X. Qualitative variables are expressed as percentages, whereas quantitative ones are expressed as a median and interquartile range.
Results
The study included 19 patients from 5 families with a diagnosis of autosomal dominant Alport syndrome. In this group, 9 of them were men (47.4%) and 10 were women (52.6%).
Family 1
We studied 10 patients, who shared the pathogenic mutation c.345 delG; p.G115GfsX37 in the COL4A3 gene [10] . The study of the COL4A4 gene did not show any pathogenic mutation.
The index case (patient 7858 of the Figure 1 ) is a 48 years old Caucasian Spanish woman, who has suffered multiple crises of microscopic haematuria, spontaneously or after febrile episodes since she was 2 years old. At the age of 32, she was diagnosed with hypertension, proteinuria (1.92 g/day) and chronic kidney disease (glomerular filtration rate 45 ml/min). At 46 years old, she was diagnosed with high tones bilateral hearing loss. Her son suffered from sporadic crises of macroscopic and microscopic haematuria and proteinuria (2.2g/24h) since he was 6 years old and, 3 years later, he was diagnosed with high tones sensorineural hearing loss and anterior lenticonus. At the age of 19, he developed chronic kidney disease, which evolved into the need for renal replacement therapy three years later. The patient never developed hypertension.
The rest of the affected family members only suffer high tones bilateral sensorineural hearing loss, without haematuria or impaired kidney function.
Family 2
There were 3 affected patients, who shared the pathogenic mutation c.4235G>T; p.G1412V of the COL4A3 gene [1]. There were no pathogenic mutations in the COL4A4 gene.
The index case (patient 7886 of the Figure 1 ) is a 52-year-old Caucasian woman, who suffered from microhaematuria, nephrotic range proteinuria (5.3 g/24h), arterial hypertension and chronic kidney failure since she was 24 years old. The kidney impairment evolved to end-stage chronic kidney disease at 31 years old. When she was 41 years old, she was diagnosed with high tones sensorineural bilateral hearing loss, and at 42 years old she was also diagnosed with maculopathy. The patient currently has a renal graft.
Her brother (25945 of the Figure 1 ) is a 53-year-old man who, at 29 years old suffered from an episode of macrohaematuria and edemas. The studies that were carried out showed nephrotic range proteinuria (8.25 g/24h) and arterial hypertension. One year later, he developed chronic kidney disease, which evolved towards end-stage chronic kidney failure at 34 years old. At that time, he was admitted into the hemodialysis program. He does not show deafness or ocular impairment.
The father of both patients (27024 of the Figure 1 ) is an 83-year-old man, diagnosed with sensorineural deafness when he was 67 years old. Eight years later, he was diagnosed with arterial hypertension and chronic kidney disease, with glomerular filtration rate around 40 ml/min, which has remained stable over time. No proteinuria, haematuria or ocular impairment have been observed.
Family 3
We analyzed one patient, with the pathogenic mutation c.4267C>T; p.P1423S of the COL4A4 gene [11] . The study of the COL4A3 gene did not revealed any pathogenic mutation.
The index case was a 49-year-old woman (patient 23454 of the Figure 1 ) who, at 6 years old, was diagnosed with high tones sensorineural hearing loss, which progressed to the current need of hearing aid. When she was 28 years old, she showed microhaematuria, Rosado/Bueno/Felipe/Valverde/González-Sarmiento: True Clinic of Autosomal Dominant Alport Syndorme proteinuria (0,5g/24h) and kidney disease (creatinine clearance of 40 ml/min). These symptoms were continuous since then. She showed arterial hypertension at 47 years old and of macular flecks at 48 years old. A renal biopsy was never performed due to the impaired kidney function at the beginning of the study.
Her mother suffered from deafness since a young age, as well as stage III chronic kidney disease, haematuria and proteinuria. Her brother was diagnosed with haematuria, proteinuria and end-stage kidney disease of unknown origin since his adolescence, and he died because of medical complications of the kidney disease. He was never diagnosed with hearing loss or ocular injuries.
The index case´s daughter suffered from high tones bilateral sensorineural hearing loss since childhood.
Family 4
We studied 2 patients who share the pathogenic mutation IVS3+1G>C of the COL4A4 gene [11] . There were no pathogenic mutations in the COL4A3 gene.
The index case was a 55-year-old man (patient 23585 of the Figure 1 ) who was diagnosed with arterial hypertension and microhaematuria when he was 30 years old. He developed proteinuria of 0.2g/24h ten years later, which had remained stable. The patient did not develop chronic kidney disease or visual or auditory inpairment.
His father was diagnosed with chronic kidney disease at 75 years old, with creatinine The paternal family had a large history of sensorineural hearing loss, but we could not study the presence of other signs of Alport syndrome because some of them had passed away and other relatives did not live in the city of the study.
Family 5
We studied 3 patients, in which we could not find any pathogenic mutation after the analysis of the COL4A3 and COL4A4 genes.
The index case was a 41-year-old woman (figure 23861 of the Figure 1) , who has suffered from several episodes of macrohaematuria and microhaematuria since she was 3 years old. At 6 years old, proteinuria of 0.35g/24h was diagnosed, which increased progressively until nephrotic range at 36 years old. At that age she also developed hypertension and chronic kidney disease, when she was pregnant. She entered a haemodialysis program at 39 years old. Nowadays she has a renal graft. A renal biopsy was performed at 22 years old, which showed the lamination of the glomerular basement membrane. The presence of high tones sensorineural hearing loss was established when she was 8 years old. She did never show any ocular impairment.
Her brother was a 33-year-old man diagnosed with macrohaematuria and nephrotic range proteinuria when he was 9 months old. He developed chronic kidney disease when he was 14 years old and he entered a program of peritoneal dialysis 5 years later. He was diagnosed with sensorineural hearing loss when he was one year old. He had no shown any ocular impairment. Their mother suffered from microhaematuria, non-nephrotic proteinuria, arterial hypertension, grade III chronic kidney disease and sensorineural hearing loss since her adolescence. The patient´s maternal great-grandparent died when he was 20 years old. He suffered from sensorineural hearing loss and chronic kidney disease, and so did his two daughters (the patient's grandmother and aunt). The presence of haematuria, proteinuria or ocular impairment in these patients could not be determined because they had all passed away.
The family data suggested the existence of ADAS, but we could not find any pathogenic mutation after sequencing 43 exons of the COL4A3 gene and 21 exons of the COL4A4 gene, but the findings in the renal biopsy made us make the diagnosis of Alport syndrome. Table 1 shows all the symptoms of the studied patients. The analysis of the different clinical parameters revealed that the most common injury in our series was hearing loss, followed by chronic kidney disease, proteinuria and haematuria, as can be seen in Table 2 . The onset age of the different symptoms is detailed in Table 3 .
The median value of proteinuria was 1.58 g/day (0.22-5.05), and the maximum value reached was 2.06 (0.29-6.97). Only 4 out of 19 patients (21%), belonging to 2 th and 5 th families, reached a nephrotic range of proteinuria. Between our 19 patients, only 8 (42,1%) suffered from haematuria, and 6 of them (75%) had episodes of gross haematuria (families 1, 2, 3 and 5). All of our patients were treated with inhibitors of the renin-angiotensin II-aldosterone system.
Discussion
We have studied 5 families with autosomal dominant Alport syndrome. This diagnosis has been suspected by the study of the family record and confirmated by genetic study or by the finding of compatible injuries in glomerular basal membrane [12] .
The genetic study method we have performed has been the heteroduplex with acrylamide gels. Although the most accurate genetic method for the diagnosis of Alport syndrome is MPS, we could not use it because our laboratory did not have it. Nevertheless, we Rosado/Bueno/Felipe/Valverde/González-Sarmiento: True Clinic of Autosomal Dominant Alport Syndorme ed in our sample had a relatively early median age at the moment of the diagnosis of the disease, around 29 years, and similar to what has been observed in other inheritance patterns. Haematuria and proteinuria were the renal signs of onset in most of our patients, which suggests that they must become an alert sign in the diagnosis of Alport syndrome, both for the general practitioner and for the nephrologist [13, 14] , even when the patient does not present a positive family record, in order to reach an early diagnosis which, with an adequate Table 3 . Age of onset of the different symptoms can ensure that these families suffer from autosomal dominant Alport syndrome, since we have studied the two genes and we have been able to exclude a second mutation in every patient. Besides, all the mutations responsible for the illness in our families are pathogenic mutations (frameshift, splicing and missense), described in different works [1, 10, 11] .
This certain diagnosis of autosomal dominant Alport syndrome makes us reject another diseases, like thin membrane nephropathy with superimposed IgA glomerulonephritis.
Autosomal dominant Alport syndrome is characterized by a late onset age, between 40 and 60 years [6, 7] ; however, the patients includ-Rosado/Bueno/Felipe/Valverde/González-Sarmiento: True Clinic of Autosomal Dominant Alport Syndorme therapeutic measures, such as inhibitors of the renin-angiotensin II-aldosterone system [9] , could, in some cases, delay the impairment of renal function and improve prognosis [15, 16] . Proteinuria appeared at a relatively early age (in the third decade of life), but later than haematuria, probably because these patients (who presented this sign in the beginning of their disease) were diagnosed in advanced stages, when the renal damage was already clear. In our study, proteinuria did not reach a nephrotic range, which matches what has been described in other series [2] .
Chronic kidney disease appeared in a high number of patients, and it presented a relatively early onset. The reason for the high prevalence of the impairment of renal function in our series can be due to the fact that haematuria and proteinuria appeared in relatively early ages and contributed to the fast establishment and progression of the renal disease, and also to the fact that the diagnosis was established late, once the renal damage had already been established. The high prevalence of hypertension at diagnosis in our series might be the result of the fact that the disease was diagnosed at an advanced age. There are no data in the literature on the prevalence of this sign in Alport syndrome, regardless of its inheritance pattern, and it is considered a late feature associated to renal failure [6] , which matches our results.
The appearance of ocular and hearing injuries is not usually predominant in autosomal dominant patterns of Alport syndrome, which represents a difference compared with the recessive and sex-linked patterns [14, 17, 18] . Bilateral sensorineural high tones hearing loss was an early onset symptom in our series, and it was present in most of the patients. Its real prevalence is unknown, because audiometries are not common practice [18] . However, it is necessary to emphasize the importance of taking this symptom as a key factor in the diagnosis of the disease in cases of nephropathies accompanied by haematuria and proteinuria, because its presence in these cases is highly suggestive of this genetic disorder [10] . Hearing loss is observed in late infancy or adolescence in patients with recessive and X chromosome-linked patterns, whereas in the cases with a dominant inheritance pattern it appears in adult age [2, 19, 20] . However, our patients were diagnosed with hearing loss at an early age (before 30 years), which can be explained by the high clinical variability presented by this inheritance pattern [1] . In our series we found patients with ocular injuries, such as lenticonus, which until now had only been described in recessive and sex-linked inheritance patterns [10, 14, 17, 20] .
Conclusion
Our results reflect the high variability in the clinical expression of autosomal dominant Alport syndrome, and they reveal that this illness is not as benign as it was traditionally thought. Instead, it can behave similarly to the recessive or X-linked disease. Until now, there is not a clear explanation for this great variability, but there are some hypothesis who affirm that mutations in other genes of the glomerular basal membrane, who encode different proteins such as laminin, podocin, integrins or metalloproteases could modulate the phenotypic expression of the COL4A3 or COL4A4 mutations in some patients, who would suffer a more severe illness, while their relatives, who only suffer the COL4A3 or COL4A4 mutations, would suffer a milder disease [10, 11] .
A possible consequence of this may be that patients with autosomal dominant Alport syndrome with severe symptoms are erroneously labeled as patients with a recessive inheritance pattern because their relatives may show such mild symptoms that they are never diagnosed, due to the high phenotypic variability of this condition. This fact makes it difficult to reach an adequate diagnosis for this condition and to assign a well-defined inheritance pattern to the families. This leads us to suggest that dominant patterns are undiagnosed, which means that their real prevalence may be higher than the 5% of all Alport syndrome cases that are classically described.
